IntroductIon
Ricotta cheese whey (RCW) is obtained from the production of a typical Italian cheese named "Ricotta" which is made by heating the acidified whey to at least 90°C for a few minutes, in order to cause a heat-induced coagulation of whey proteins, that are separated by mechanical means and drained in perforated moulds 1 .
RCW is the residual liquid, that still has some nutritional value consisting of few proteins and peptides, a strong organic content, especially due to lactose and high saline concentration.
RCW-fruit based beverages are a novel type of healthy drinks, in which the nutritional components of fruit are combined with proteins and minerals of the dairy RCW by-product. Some effort have been already done to produce whey based beverages 2, 3 , but to our knowledge RCW has never been considered as an ingredient in the formulation of fruit-based nutritional drinks. Moreover, varying the fruit component as well as the type of technological process to obtain Ricotta cheese from whey, different functional properties can be achieved.
This work aimed at verifying the ability of a diode array microNIR in discriminating RCW-fruit based beverages prepared from four types of clear juices (pear, strawberry, blueberry, apple) and two RCWs, considering as technological factors the proportion of RCW to fruit juice, the influence of the pasteurization step and the RCW type.
MaterIal and Methods
Beverages were prepared from concentrated clear juices (strawberry, apple, pear, blueberry, and 50:50 appleblueberry mixture -MIX-) diluted with tap water to 16.6 % soluble solids content and RCW (two kinds of whey, C 900-1280nm range) were measured on beverages after mixing, and after pasteurization, transformed in absorbance, pretreated using Savitsky-Golay first derivative followed by Normalization, and then processed by PLS_ Toolbox software. PCA analysis allowed to separate the RCW based beverages according to different features:
PC-1 (82.66%) distinguished blueberry and strawberry -20% RCW based bevarages from pear and apple-based ones; PC-2 (13.30%) had negative scores for pear and apple -20% RCW based bevarages and positive for strawberry and apple-blueberry 50:50 mixture-based (MIX) ones, with the latter drink having the highest score. croNIR1700 VIAVI, Diessechem Instrument, Italy) over the range 900-1280 nm in transmittance mode, using a 1-cm light path cuvette. Measurements were carried out on beverages after mixing (raw), and after pasteurization (past). NIR spectra were transformed in absorbance, pretreated using Savitsky-Golay first derivative (15 points, polynomial 2) followed by Normalization, and then processed by PLS Toolbox (Eigenvector Research, Inc., USA) software. The PCA analysis was performed and scores of first three Principal Components were submitted to multifactor analysis of variance and means were compared by Tukey's test using Statgraphics ver 5.1 (Manugistics, USA).
results and dIscussIon
The PCA analysis allowed to separate the RCW based beverages according to different features (Fig.1) . Using PCA analysis on pretreated absorbance spectra from 900 to 1280 nm three principal components (PC) were considered. PC-1, explaining 82.66% of total variance, distinguished blueberry and strawberry beverages from pear and apple-based drinks, PC-2, which explained 13.30% of total variance, showed positive values mainly for strawberry and MIX, whereas no evident separation of juices was noticed on the PC-3, which explained 3.17% of total variance.
Multifactor ANOVA performed on PC scores of beverages formulations prepared with 20% C RCW highlighted the significant effect (P-value<0.001) of the type of juice on PC scores of all the three functions (Fig.2) , whereas there was a significant juice×pasteurization interaction (P-value<0.001) for PC-1 and PC-3 (Fig.3) . PC-1 showed the highest score for apple-based drinks and the lowest for strawberry-based ones, and decreased with thermal treatment in all formulations, except for MIX-based drink which showed an increase; PC-2 had negative scores for pear and apple-RCW based drinks and positive for strawberry and MIX-based ones, with the latter drink having the highest score. PC-3 distinguished the RCW apple beverage from pear, strawberry and MIX-based ones. i.e. juice type, thermal treatment and RCW proportion, significantly interacted (P-value<0.001) in determining the spectral features of this type of drinks (Fig.4) . The best separation among samples was obtained considering PC-1, which showed decreasing values as RCW% increased in both raw and past apple-based drinks, and an increasing values in raw MIX-based drink, and decreasing values in past MIX-based drinks. Significant differences among samples were found considering the PC-3 too, but only for beverages before thermal treatment. Considering the PC scores of apple-and MIX-based drink formulations prepared with 30% RCW obtained from cow (C) and ewe (S) milk (Fig.5) it is evident the different influence of the RCW type on the spectral features of the apple-based drinks in comparison to the MIX-based ones. For apple-based formulations, different scores between the two types of RCW were found only for PC-2 and PC-3, while for MIX-based drinks the scores of all the three functions were different between the two types of RCW.
The loading plot of the PC analysis (Fig.6) shows that the separation of beverages was due to the absorption of the second overtone OH stretching (peaks around 1000 nm), which were negative on PC-2 and positive PC-3 loadings, and to the second (around 1200 nm) and third (around 930 nm) overtone CH methylene stretching.
Moreover on the PC1 the separation of beverages was also due to the CH aromatic stretching second overtone absorption (around 1143 nm) 5 . Our results indicate that chemometric analysis applied to the NIR spectra was able to discriminate RCW-based beverages not only according to their formulation (type of juice used, RCW to juice proportion) but also for the type of RCW and the processing step (raw and after pasteurization). 
